My research aims to investigate ways to support mobile users facing "severely constraining situational impairments" (SCSI) where multiple channels of communication are restricted, overloaded or unavailable. An empirical study will initially be undertaken to identify the range of limitations faced by mobile device users when facing unpredictable situations (e.g. when receiving a text message while concentrating on the road when driving). Based on the findings, a second study will be developed to map feasible forms of technology to the impairments faced. A final study will then be conducted to evaluate the efficacy of the mappings, with the ultimate goal of producing a set of guidelines that will inform interface designers when developing tools to support individuals who are facing severely constraining situational impairments. The outcomes of this research will hopefully inform design of mobile technology in addressing SCSIs.
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CONTEXT AND MOTIVATION
The introduction of smart phones and the subsequent onset of portable information appliances has emancipated information. The past 10 years has theoretically, for the first time in history, provided humankind with the ability to send and consume information whenever and wherever the human-to-machine interaction is desired.
The omnipresence of information access, however, is not without its unique issues. Many of our models of users and empirical tests, at the onset of mobile technology, were still geared toward unimpaired desktop use (Wobbrock, 2006 ). Yet, mobile technology, is often used in contexts where the environment, connectivity, and other factors are unpredictable (Barnard, Yi, Jacko, & Sears, 2007) . This "mobile" aspect of the problem space often places users in less than ideal ambient conditions and can lead to situationally induced impairments and disabilities (SIIDs) (Sears, Young, & Feng, 2008) . While alternative interface modalities (i.e. speech recognition) offer potential in certain scenarios (i.e. in quiet environments), the efficacy of the modality may vary depending on the context of the situations. Consider an individual on a metro train with one hand holding a briefcase and the other on a hand rail. An email is sent to the phone that is in his/her pocket. Wearable computing (i.e. a smart watch) would allow the viewing of the message, but what if the user would derive benefit from sending an immediate response? The wearable device may be able to send a response via voice command, but if there is ambient noise, or if the environment is such that uttering a voice command might disturb others, this modality may not be suitable. There are also contextual situations, such as device authentication, where alternative modalities such as speech recognition may not be appropriate as authentication information can be overheard making personal information of the user vulnerable (Zhu, Ma, Feng, & Sears, 2009 ).
Tasks and subtasks that we perform in order to communicate either with a machine or to another human through a machine, such as described above, may be extremely difficult in the presence of an SIID. These tasks/subtasks may be more difficult to perform when all of the possible interface modalities are unavailable. It is within this context that I intend to examine this unique aspect of the SIID problem space, leading ultimately to an understanding of how, if multiple channels are unavailable, we can best present information to the user. The intended research will culminate in a set of guidelines that will inform design regarding the 2 effective accounting of severely constraining situational impairments (SCSI). The contribution of such a set of guidelines would benefit both situationally impaired users and users with more permanent or omnipresent impairments.
RESEARCH OBJECTIVE AND QUESTIONS
I am studying users of mobile information technology with the aim of understanding and defining SCSI. My current working definition of SCSI is "any occurrence of a situational impairment where a user's ability to interact is "severely constrained" or "when the primary and secondary methods of interaction are impaired". Part of the understanding that I hope to gain from my research is a precise definition including how instances of SCSI may differ from instances of SIID. My work will be structured to answer the following research questions:
 RQ1: How do SCSIs differ from SIIDs?  RQ2: What are the challenges faced by individuals experiencing SCSIs and how do these differ from SIIDs?  RQ3: Can technology be used that will bypass SCSIs and how can these technologies be designed and mapped when the user faces an SCSI?  RQ4: How can we validate and design for cues that would suggest the onset of SCSI?
KEY POINTS OF THE LITERATURE REVIEW
A central theme in much of the literature regarding mobile device usage and situational impairments is context, or any information that can be used to characterize the situation of entities considered relevant to the interaction between user and application (Dey, Abowd, & Salber, 2001) . Context can be categorized further as consisting of (1) the user, their activities and the social environment, (2) the environment or location, physical conditions and infrastructure, and (3) the available applications and I/O channels (Sears, Lin, Jacko, & Xiao, 2003) .
The focus of many studies has been on SIID as a singular concept, and designing technology that improves performance by attempting to diminish the effects of SIID (Zhu, Ma, Feng, & Sears, 2009) , (Lin, Goldman, Price, Sears, & Jacko, 2007; Goel, Findlater, & Wobbrock, 2012) . Examples include Lin, et al., who showed that, while attempting data input onto a PDA with a stylus and walking through an obstacle course, participants reduced their walking speed by 36% and increased their error rate compared to walking on a treadmill (Lin, Goldman, Price, Sears, & Jacko, 2007) . Goel, et al, presented a system called "WalkType" which used the built-in accelerometer of touch screen devices to create an adaptive text entry technique that increased typing speeds and accuracy compared to a control while the user is walking (Goel, Findlater, & Wobbrock, 2012) .
Other studies attempted to address the stationary nature of many situational impairment user studies. For example, Barnard, et al attempted to address the apparent disconnect between environmental mobile device uses and evaluation by varying contextual conditions and recording changes in behaviour (Barnard, Yi, Jacko, & Sears, 2007 The understanding of multiple modalities (auditory, tactile, strokes, etc.) and their potential incorporation for input and output tasks is useful in the addressing of SIIDs and SCSIs. It is, after all, the onset of a situational impairment that results in the prevention or the encumbrance of one or more interface modality. Research, however, that addresses the phenomenon of having not only the primary input modality impaired, but also the secondary and perhaps tertiary modality, has been limited. My research is aimed at addressing this gap.
PROBLEM STATEMENT
Even if more than one input/output modality is present, mobile technology users can experience physical, semantic, or cultural constraints that result in some or all possible modalities being inaccessible. A rethinking of the SIID phenomenon can produce new implications for design which 3 would include the consideration of interface modalities that can be still deployed even in situations where traditional modalities are unavailable.
RESEARCH APPROACH AND METHODOLOGY
My research began by conducting two pilot studies that are described in section 6 of this paper. As the result of the information gleaned from those studies as well as from the literature I have reviewed, I intend to address the research questions outlined in section 2 of this paper using a mixed methods approach in several stages.
To address RQ1 and RQ2, I will conduct a diary study that will have participants identify any instance of a situational impairment that they encounter over the course of two weeks while using a smart phone. Each participant will be briefed in an introductory "pre-diary" interview on what type of phenomenon the research is looking for as well as the format of how the information should be captured. During the diary phase, each encounter with a situational impairment will then be recorded by the participants and sent to the researchers via SMS as close to the time of occurrence as is safely or situationally feasible. The content of the SMS will then be catalogued for analysis. In addition, participants will send one entry per day that is a brief summary of the major events of their day to provide an idea of the context in which they were using their phone. At the end of the two week period, a post-trial focus group will be conducted to confirm that the activities recorded were correctly understood and to discuss situational impairment scenarios and possible solutions. It is hoped that as a result of this study, fundamental themes associated with mobile technology users and their experience involving SCSIs will be uncovered at the phenomenological level. The goals will include (1) an understanding of the interface issues encountered by mobile users, (2) the development of a set of phenomenological themes, (3) a common impairment scenario corpus of both SCSI and SIID phenomenon that can help better understand the problem space, and (4) a collection of user ideas regarding a user perspective on addressing SCSIs. Finally, the common impairment scenarios corpus will lead to the creation of richer and more diverse examples that will inform future work including, perhaps, an understanding of any interrelationship between SIIDs and SCSIs.
To address RQ3, I will conduct a study from the standpoint of existing and potential technology. Using an iterative participatory design approach I will, with a design team of potential users, construct both functional and non-functional requirements for existing and future mobile technologies to address the interaction under SCSI conditions. Through iteration, and the creation of multiple SCSI scenarios to strengthen and refine our requirements, the goal of this study will be the creation of a medium fidelity prototype that could be used to map different technologies to the issues faced under SCSI. In addition, the iterative process will serve to strengthen the common scenario corpus.
To address RQ4, and as the result of the research described above, I will test the set of guidelines and the medium fidelity prototype that have been developed. Since the prototype will be medium fidelity and non-functional (capabilities of presentday systems do not have the functionality required to bypass SCSIs), this study will measure the effectiveness of the prototype and guidelines by using the "Wizard of Oz" technique. Performance and user experience will be measured compared to a control as SCSIs will be re-created in a controlled setting and participants will perform tasks based on scenarios derived from the common impairment scenario corpus. The results of this study will inform the design guidelines by confirming which are accurately addressing SCSI management and user experience but also by identifying which guidelines need revision or elimination.
INITIAL RESULTS
I have completed two studies thus far that have helped to inform my future research direction.
The need for inconspicuous communication that goes beyond normal communication modalities was examined in a study exploring the use of intelligent machine agents and brain-computer interface (BCI) technologies (Saulynas & Kuber, 2015) . Through interviews and focus groups the study examined how a marching band needs to communicate during a live performance and discovered that there were many situations where ad hoc communication was needed yet all input modalities were situationally impaired preventing the effective sending and/or receiving of the information. The study identified a need for group communication work where standard communication modalities were unavailable and also that current technology was not satisfying that need.
Saulynas and Kuber recently conducted a yet to be published study on the use of brain-computer interface (BCI) as a potential alternative to a 4-digit PIN code for authentication. A controlled study measured the relative performance of five, 4-token authentication tasks: one requiring the entry of a 4-digit PIN code on a computer keyboard, the other four requiring the entry of a 4-token code using BCI tokens available from the Emotiv EPOC BCI 4 headset. The results showed that while BCI is currently not as complete, fast, or accurate as that of a 4-digit PIN code, users indicated such a system would represent a greater sense of security over PIN code authentication as well as providing a greater sense of confidence that the inconspicuous nature of BCI input engendered.
While these two BCI studies proved informative as to their potential future use in the areas of inconspicuous communication and token authentication, any further consideration towards the technology as a potential for addressing SCSIs is limited at best. Two main reasons led to this conclusion: (1) the inputting of a BCI token involves a cognitive load that may prove taxing as situational impairments often have cognitive load issues as well, and (2) the speed and accuracy of current BCI technology is not at an acceptable rate to make its use a viable alternative to other present interface modalities.
MAIN CONTRIBUTIONS
My research will contribute to HCI reseach by highlighting a design problem that exists as the result of the fairly new domain of mobile HCI. While the malady that is SIID is known, most research has focused on the symptoms and the reduction of their ill effects. As the result of my research, I hope to extend the discussion of SIID and suggest ways that technology could be designed, to help users overcome the barriers that they often face when encountering SCSIs.
